INTRODUCTION
Wheat (Triticum aestivum) stem rust, caused by Puccinia graminis f. sp. tritici, is the major biotic constraints for wheat production in the world, and in the Eastern part of Africa in particular. Countries such as Kenya and Ethiopia experience recurrent epidemics of stem rust due to evolution of new stem rust races (Wanyera et al., 2006; Admassu et al., 2009) . This has been evidenced in the evolution of new stem rust races, with additional virulence to the deployed stem rust resistance genes in wheat cultivars. For instance, variants with virulence for Sr24 (Jin et al., 2008) and Sr36 (Jin et al., 2009 ) genes were detected in Kenya. Similarly, virulence to SrTmp (Olivera et al., 2015) gene was detected from stem rust samples collected during the 2013 season epidemics that wiped out Digalu in Bale zone of Ethiopia. However, the race responsible for the loss of effectiveness of SrTmp gene in Digalu was reported in Turkey (Zafer et al., 2012) , prior to its discovery in Ethiopia.
Currently, race Ug99 (TTKSK) is continuously evolving and undergoing stepwise mutations, to bear additional virulence. There are eight variants of this race reported across many parts of Africa and its migration and spread to other parts of Africa, Asia and other parts of the world is inevitable . In view of the recurrent epidemics of stem rust in eastern Africa, an internationally aggressive breeding strategy was followed and resistant cultivars were released in countries most vulnerable to this race. For instance, in Kenya two bread wheat cultivars, Eagle-10 and Robin, were released in 2009 ; and in Ethiopia, Kakaba and Danda'a were released in 2010 as resistant cultivars to Ug99.
Although the release of resistant cultivars to Ug99 has paramount importance for those countries that were at immediate risk of the pathogen, the continuous evolution of new races and/or variants of the same race requires sustainable efforts to deal with epidemics of the kind of Ug99 or the one that wiped out mega bread wheat cultivar Digalu in Ethiopia by the race TKTTF. The objective of this study was to identify sources of resistance to the major pathotypes of stem rust prevalent in some countries of eastern Africa.
MATERIALS AND METHODS
A total of 306 elite bread wheat lines that were either selected from international nurseries or developed from the WRCoE, including susceptible and resistant checks, were used in the study. Among the cultivars resistant to Ug99 included in the study, were Danda'a, Kakaba and Digalu. The susceptible cultivar, Hawi was also included. Millenium, which carries Sr24 gene was included in the test to evaluate its performance across the two locations (Arsi Robe in Ethiopia and Njoro in Kenya). These elite bread wheat lines were planted in two rows of 1-metre length.
At Arsi Robe station, there was no artificial inoculation of stem rust, since the disease occurred at epidemic proportions most of the time under natural conditions. However, a spreader row of PBW343 was used to encourage further development of stem rust race Ug99. In Kenya at Njoro, disease development was encouraged by making artificial inoculations at different growth stages of the crop development and spreader rows of super susceptible bread wheat Cacuke, completely susceptible to Ug99 (Kimani et al., 2015) was utilised. When the susceptible check started to show stem rust development, scoring of severity was carried out using the modified Cobb scale (Peterson et al., 1948) . Average Coefficients of Infection (ACI) were calculated by taking into account the severity of stem rust of the lines and cultivars, and their field response (Stubbs et al., 1986) . The scores were converted into average coefficients of infection, by multiplying severity by an assigned value for the field response, as suggested by Stubbs et al. (1986) (Table 1 ). The constant value was further modified to include infection responses of resistant to moderately resistant (RMR=0.3) and moderately susceptible to susceptible (MSS=0.9).
RESULTS

Reactions of elite lines.
Out of the 306 lines tested at Arsi Robe, ten were immune to the pathogen populations (Table 2) Ninety-six lines were completely susceptible at Arsi Robe and only nine lines were susceptible at Njoro. In general, considering the disease reactions at Arsi Robe and Njoro, more lines were in the moderately susceptible and susceptible categories at Arsi Robe than at Njoro ( Fig. 1 and Table 3 ). However, in reaction categories ranging from resistant to intermediate, the number of lines at Njoro exceeded by far the number of lines at Arsi Robe ( Fig. 1 and Table 3 ).
Severity of stem rust. About half of the elite lines (151) tested at Arsi Robe (Fig. 2) showed a severity less than or equal to 20%; whereas at Njoro, almost two-third of the lines (204) showed the same severity levels (Fig. 2) . Twenty one and 20% of the lines showed a severity of 25-30% at Arsi Robe and Njoro, respectively. Ninety one (30%) of the lines at Arsi Robe and 42 (14%) of the lines at Njoro displayed a severity of greater than 30%.
Terminal stem rust severity, and coefficient of infection. Considering the three parameters, the highest score was recorded for bread wheat cultivar Hawi (Table 3 ). The least score was recorded for elite bread wheat line ETBW6655 (Table 3 ). Five elite lines depicted an average coefficient of infection (ACI) value of less than two. These included lines ETBW6261, ETBW6406, ETBW6680, ETBW6681 and ETBW6690. Generally 67 (83%) of the test genotypes displayed an ACI value of less than or equals to ten. However, 11 (13%) of the genotypes showed ACI value of greater than or equals to ten.
DISCUSSION
The variability in both severity and infection response of elite lines, and check cultivars at both testing locations, Arsi Robe and Njoro (Tables 2  and 3 ), clearly shows that the stem rust pathogen populations have differences in their virulence profiles. More lines were found to be more susceptible at Arsi Robe (Ethiopia) than at Njoro (Kenya). Cheruiyot et al. (2015) reported Narok as the most stem rust prone compared to Njoro in Kenya. In the present study, more lines were found resistant, which could be attributed to the low initial stem rust pressure compared with Arsi Robe in Ethiopia. During the 2012 season, stem rust race analysis reports depicted the dominance of race TTKSK across many wheat growing areas in Ethiopia, including the current testing site, viz. Arsi Robe (Woldeab et al., 2013) . The susceptibility of major bread wheat cultivars in the Ethiopian wheat rust trap nursery (EWRTN), during the season at Arsi Robe, is additional evidence for the development of stem rust epidemics (Worku, Unpublished data) and this epidemics occurred on both bread wheat cultivars and durum wheat landraces (Worku, 2014). Ismail et al. (2012) reported race TTKST as the dominant stem rust race in major wheat growing regions of Kenya, because of the widespread production of bread wheat cultivar KS Mwamba. This particular race is still the most dominant stem rust race prevalent in major wheat growing regions of Kenya, and a recent virulence survey in Narok resulted in the identification of race TTKST which is virulent on Sr24 gene (Stella et al., 2015) . The fact that none of the tested lines was immune to stem rust infection at Njoro, and ten lines were immune at Arsi Robe depicts that there could be bread wheat lines that carry effective race-specific seedling stem rust resistance genes, to the pathogen population at Arsi Robe that are not effective to the prevailing stem rust races in Njoro. This further suggests that the races prevalent in Njoro may have a wider virulence spectrum compared to the races in Arsi Robe as three of the Ug99 lineage reported in Kenya (Wanyera et al., 2006; Jin et al., 2008; Jin et al., 2009 ) and only two of them reported in Ethiopia (Admassu et al., 2009; Getaneh, Unpublished data) . The 73 lines that displayed resistant to moderately resistant reactions to the prevalent races at both Arsi Robe and Njoro (Tables 1 and  3) , could be potential sources of resistance to race Ug99 and its derivative with virulence for Sr24 gene. The Arsi zone of Ethiopia is a known hotspot for the development of stem rust epidemics and many stem rust race analysis works indicated the presence of broad races with wider virulence spectrum (Admassu and Fekadu, 2005; Admassu et al., 2009) ; and this recurrent epidemics has resulted in the susceptibility of most tested lines in the current evaluation.
Generally, the Average Coefficient of Infection (ACI) of most elite lines was small compared to the ACI value of the susceptible check, Hawi (ACI=31). Six lines displayed an ACI value of <2. The least ACI value was recorded for elite line ETBW6655 (ACI=0.75). Hawi is postulated to have seedling stem rust resistance gene(s), Sr30+/ Sr31 (Naod et al., 2005) , both of which are not effective to the prevalent stem rust races in the major wheat growing regions of Ethiopia (Admassu and Fekadu, 2005; Admassu et al., 2009; Abebe et al., 2012) . Bread wheat cultivar ET13A2, was resistant to moderately resistant to the prevalent pathotypes of stem rust in Kenya and Ethiopia. It is, therefore, essential to incorporate such types of bread wheat cultivars as ET13A2 in the regional wheat breeding/ improvement programme as possible sources of stem rust resistance. The Shuttle-Breeding Programme between Mexico and Kenya has resulted in the identification and development of high-yielding and stem rust resistant bread wheat lines, with a high level of APR to the prevailing stem rust races in Kenya and other countries of Africa (Singh et al., 2012) . Taking the success of CIMMYT's shuttle breeding strategy, a shuttle breeding programme was initiated between Ethiopia and Kenya that resulted in the identification and development of stem rust resistant and high yielding bread wheat lines that fit in the agroecologies of east Africa countries, such as Tanzania and Uganda. Selection and advancement of breeding lines, with low level of severity (usually <20%), with moderately susceptible or moderately resistant infection types (responses) to the prevailing stem rust races in the test environments is a dependable breeding option to identify resistant wheat lines which has been utilised for wheat improvement in Ethiopia (Bechere et al., 1995) .
CONCLUSION
The 73 lines that displayed low level of stem rust severities and resistant to moderately resistant reactions to the stem rust pathogen populations of both test locations, can directly be utilised as resistant parental lines in the regional wheat breeding programme, or they can be advanced to regional yield trials for the development of high yielding and stem rust resistant cultivars to combat with the ever evolving races of stem rust.
